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4.   Amount and character of groundwater.

5.   Earth tremors set up by earthquakes, blasts, trains, etc.

6.   Other factors, as:   (a) Heavy structures next to excavations;

(&) water freezing in rock openings, and wedging off rock
masses; (c) variations of barometric pressure; and (d) earth
strains from kneading or tidal pull.

These factors may be briefly discussed1

1 and 2. A rock of high crushing strength, with few joint or other planes, will
stand with a face that is practically vertical. The same rock, much cut by fracture
planes, sloughs off masses from steep slopes, until a certain angle of permanent slope
is attained. Any fissures inclining towards the excavation tend to cause slides,
especially bedding planes with shale, lignite or other greasy rock partings, or fault
planes with talcose partings. Such slides may occur even if the planes slope but
gently, and have relatively slight back pressure

With rock of low crushing strength, but relatively high tensile strength, slide
movement shows sinking near excavations, slight advance of lower slope towards
cut, and bulging upward of the excavation floor.

3.   Very soft rocks, such as fine-grained and compact argillites and clays, may
maintain a vertical face until excavation reaches a depth of 45 to 120 feet, or until
unbalanced pressure is great enough to cause them to deform    Such deformation
destroys stability of the clayey cementing materials, loosens them up so that surface
water can enter, and causes mobility of the mass, with the result that the slope may
break back from almost perpendicular to 1 on 10.

Deformations of the above type have occurred in the volcanic clay rocks of the
Gulebra cut of the Panama Canal.

Excavations which change the water table level may weaken surrounding rocks
by dissolving and loosening their more soluble parts, especially in regions where the
groundwater contains much carbon dioxide and organic acids.

4.   Groundwater in rocks exerts a weakening influence, increasing their tendency to
deformation because: (1) It adds to weight of the rock mass; (2) weakens the rock by
solution and softening; and (3) increases the mobility of a mass of rock material.

If a porous rock rests on an impervious one, the water descending through the
former will not only be deflected by the latter, but the wet clay particles carried
down to this contact surface facilitate slipping. Even capillary water in a weak
rock is a source of danger, for with deformation much of the capillary water may be
crushed into the larger shear planes, thus giving them increased lubrication. In
estimating eliding or deforming tendencies of a rock, careful determinations of its
water content should be made on both fresh and air-dried samples.

The most troublesome slides of Culebra cut occurred in fine-grained basic volcanic
clay shales of fairly massive character, which show from 6 to 17 per cent of water.

5.   Earthquakes may be a cause of deforming movements m rock masses, but
blasting is a common cause.   Surface blasts cause less subsurface vibration than
deep ones.   Two large blasts in Culebra cut gave the following approximate vibra-
tion records    A blast of 2250 pounds of dynamite, exploded m 14-, 24-, and 28-foot
holes, gave a maximum amplitude of vibration of 20 mm. at 1100 feet distance.
Another of 5370 pounds of dynamite exploded m forty-eight 24-foot holes at about
the same distance gave an amplitude of 28 mm vibration on the recording instru-